Introduction
In the past several years, a large amount of proton elastic and inelastic analyzing power data l - 4 ) has become available, arising from the increase in number and improvement in quality of polarized beam faci'lities. Analysis of the analyzing power data with distorted-wave Born approximation (DWBA) codes or with coupled-channels (CC) methods have, been reasonably successful for collective 2+ or 3-levels for several nuclei in the f7/2 shell, g9/2 shell, and s-d shell l ). In order to obtain good fits in the macroscopic treatment, it was found necessary to defonn the real, imaginary, and spin-orbit tenns in the fonn factor.
Different ways of defonning the spin-orbit potential have been used l ) , but have led to almost equivalent results. These models were unable, however, to reproduce the large asymmetries observed for the transitions to the first 2+ states in 54Fe and 52Crl ). The deformed spinorbit potential which has been previously used in the framework of the macroscopic collective model was essentially phenomenological,. having afonn proportional to the radial derivative of the spin-orbit tenn of the optical potential l ). Problems have also appeared in the attempt to describe the data with microscopic models. Applications of the microscopic model to these states have usually produced poor agreement with experiment l -3 ,5,6).
More recently, Sherif and Blair introduced the concept of the "full Thomas Fonn" of the spin-orbit potential in the ThlBA collective model formalism 7) • Considerable improvements to the fits, especially -2-at forward ~gles, were immediately observed 7 ) .
Such a deformed spinorbit term has now been included by Raynal in a coupled-channels (CC) program 8 ).
Calculations will be presented here (some of them have already been partly published elsewhere 9 ) for the analyzing powers obtained by 
Experimental Method
The experiments were perfonned using the Berkeley 88" cyclotron and polarized ion source 16 ).
The source is of the atomrrc beam type and uses an adiabatic rf transition and strong field ionizer. The polarizedion beam is injected axiallyl~) into the center of the cyclotron and deflected into a proper orbit by a gridded electrostatic mirror. During these experiments, up to 60 ~ of beam were delivered onto the target with an average polarization of about 75%. The beam polarization was monitored continuously with a standard 12C polarimeter 1 8) , which was subsequently calibrated by accurate p-'11e polarization measurements at the same energy 1 9) • The beam intensity was continuously monitored with a pair of Si(Li) detectors placed symmetrically at 45 degrees with respect to the beam direction and was checked periodically with a Faraday cup.
The thick polarimeter target precluded the continuous use of a Faraday cup.
The data were taken with eight 5-mm-thick Si(Li) detectors cooled by thennoelectric devices to about -25°C. In order to measure asymmetries, the counters were arranged in symmetric pairs to the left and right of the beam direction. In addition, the beam polarization was manually reversed at the source by inverting the magnetic'field of the ionizer halfway through each data-taking run. This redundancy of asymmetry measurements allowed us to eliminate many, sources of systematic error, such as those due to uncertainties in cOlU1ter aper tures, slight misalignments of the beam, and differential counting-rate effects in the detectors and in the polarimeter 20 ) . The 28Si target was a slightly enriched (~ 95%), self-supporting foil of --400 jJg/cm 2 thickness. Data for 32S and 160 were taken simultaneously using a S02 gas target. The neon gas targets were filled with isotopes enriched to > 99.9% for 20Ne and ~ 95% for 22Ne . All gas targets were operated at about 20 em Hg pressure, which was measured, along with the temperature, before and after each run .. The overall energy resolution was about 180 keV for the gas-target data and about 150 keV for the 28Si data, the latter being mostly due to the energy spread of fig. 2) . Such a large difference has already been observed in the f7/2 shell l ), and its presence suggests the need for a microscopic interpretation. Figure 3 shows the analyzing power for the K = 0+ rotational band in 28Si , to- Here also a striking difference can be seen between the 2+ curves in The error bars shown on the figures reflect only statistical errors unless the levels were difficult to resolve, in which case the errors were increased appropriately. Most of the integrated COtmts were obtained from the spectra with a peak-fitting program and were checked for internal consistency. The data for 160, 28 Si , and 32S were taken at an energy of 30.3 MeV wi th the same experimental equipment described in sec. 2. Because for
1 on y ana yzmg powers were 0 talne rIng t ese experlffients,
• calculations were carried out using the elastic cross sections of ref. 23) for 160 and of ref. 14) for 28 Si ; cross sections for the 0+, 2+, and 3-states in 32S were obtained simultaneously with the analyzing powers.
Very good fits were obtained for these three nuclei as shown in figs. 6 and 7. The corresponding parameters are presented in Table 1 . A fit to the 32S elastic-analyzLng power couid be obtained only with a very small spin-orbit radius and ~ comparably large spin-orbit diffuseness .
Several general conclusions can be drawn from the optical model
analysis for the s-d shell nuclei. We find a smaller radius (average around 1. 07 fin) and a larger diffuseness (average value around 0.73 fin)
than have previously been ascribed to the real potential. The imaginary radius ieIilains constarit around 1. 33 fin, about 20% larger than the real radius. The spin-orbit potential is both smaller by 20% and less dif-32 . . fuse· (except for S) than those of the real central well. These trends have already been noted in a review paper on this subject 25 ) for heavier nuclei, but it is interesting that they are also valid for light nuclei. Searches including vollDTle absorption tenus made no significant effect.
-10-.
Coupled Channels Calculations
The spectrum of excited states in most nuclei in the 2s-ld shell exhibits a rotational character 26 ) indicative of a permanent .deformation. The large static quadrupole moments for the first excited states 27 ) and the results of Hartree-Fock and Hartree-Fock-Bogoliubov type cal- fig. 9 . We see that the cross sections as well as the analyzing powers favor a rather small value for the Y4 deformation (S4 = 0.05) of 22Ne , while the value found for S2 is similar to that for 20Ne . 
28
. + + + character of the S1 lowest 0 , 2 ,4 states is well established 3B ,39) and the oblate shape confirmed 19 ,41) , the situation for 32S is much more The values of these deformations are quite different from those previously determined 10) using only the Crawley cross sections , but are -15-in very good agreement with, the (a,a ') 11) and (e,e') 33) results and with microscopic a-cluster model calculations 31) , as well as with some recent polarization data at 25.25 MeV44). Fig. 11 also shows the sensivity of the theory to the 84 deformation parameter. If 84 is increased beyond 0.1, the fit deterior~tes quite rapidly. Since no cross sections for the 4+ state in 28Si were available, the value detennined for the 8 4 ,deformation is less precise; an error of ±0.04 is assigned to the 8 4 detennined in 28Si. In addition, fig. 11 shows the results when 8 /8 t 1 was equal to unity, compared to the case where the so cen ra deformation lengths (8 LS rLS/8central ro) were equal to unity. In the latter case, 8LS/8central is equal to 1.29. Even better fits could be obtained by increasing the ratio up to 1.5 44 ), or to 2.0 as for 20Ne , but the optimum value of 84 did not change significantly.
Coupled-channels calculations for 32S are presented using either the rotational model ( fig. 12 ) or the vibrational model ( fig. 13 ). As seen in fig. 12 , it is quite difficult to distinguish between oblate and prolate defonnation. The overall x 2 slightly favors a prolate shape for 32S (8 2 ) 0), but when only polarization data are taken into account, the oblate solution is slightly better (8 2 = -0.30). Therefore, an
. assign.llent of the sign of the deformation for 32S is not possible on the basis of our data. Addition of a hexadecapole deformation 6 4 to the quadrupole defonnation 8 2 has little effect if 84 is small (up to around 0.1), but it quickly destroys the fits to the data when it is -16-increased above this value. Therefore-we conclude that the hexadecapole deformation is absent or very small in the ground state band of 32S. 
Conclusions
In stmnnary, coupled-channels calculations using pennanently deformed nuclear wave functions reproduce well our cross section and analyzing power data on the elastic and inelastic scattering of polarized protons exciting the ground state rotational bands of 20Ne , 22Ne , and '28Si . Table 3 FinallY,we have shown over a wide range of nuclei that the use of the Blair-Sherif fonn for the defonned spin-orbit interaction, in conjunction with a coupled-channels reaction calculation, is necessary to explain our cross-section and analyzing power results. However, we are gratified that calculations of the deformation parameters using simple fonns of the interaction do not greatly change the results.
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